Abstract: This paper refers to the design and control of a standalone solar-photovoltaic (PV) energy system using an isolated half bridge boost DC-DC converter. The adaptive methodology-based incremental conductance (INC) scheme is used with the proportional integral (PI) controller for maximum power point tracking (MPPT) control. A voltage controller and current regulator are designed for VSI using a cascade loop control to sustain the power quality at the consumer load side. The proposed system with its controllers is modelled in MATLAB and its results are assessed under varying solar radiations in addition to varying consumer loads.
Introduction
In recent years, because of rapid development in various sectors, energy demand has been considerably increased and the fossil fuels are depleting, therefore looking for the alternative sources of energy becomes an emerging issue. The alternative source of energy includes wind, solar, geothermal, water, biomass, etc. As renewable energy sources are receiving attention, attempts are being made to develop efficient energy conversion methods for their wide utilisation (Debnath and Chatterjee, 2016; Khan et al., 2017) .
The utilisation of solar-PV systems as renewable energy systems in standalone configuration is increasing because of their accessibility in isolated areas and it is proven to be an emission-free and reliable technology for isolated energy generation (Imhoff et al., 2008; Montoya et al., 2016 ). The energy generation using solar-PV modules encounters an affect from the change in temperature and insolation conditions. The varying environmental conditions relentlessly affect the performance and output power of the photovoltaic modules. A substantial research is being carried out to improve the efficiency of these systems and numerous methods are reported in Cao et al. (2017) and Kant et al. (2017) , to track the maximum power point of a PV module. A comprehensive review is presented in literature for MPPT techniques of solar-PV systems (Xiao et al., 2016; Gupta and Saxena, 2016; El Telbany et al., 2014; Renduchintala et al., 2016) . A predictive control approach is also addressed in Elzein and Petrenko (2016) , while the INC MPPT is used in proposed in the system due to its advantage in terms of simple design and response under varying system conditions.
In this study, the design and modelling of an isolated solar-PV energy generation system is carried out for remote areas. This includes design of a boost DC-DC converter, half bridge boost DC-DC converter, a battery as energy storage structure, voltage source inverter (VSI) and an output filter. For MPPT control reference voltage generation-based INC method is used, which includes sensing of voltage and current of the PV array. To supply an ac consumer loads, a VSI is connected with the feedback cascade control loop to uphold power quality at the output side. System performance is demonstrated here, through modelling in MATLAB/Simulink and simulation results are shown under different environment and consumer load conditions. Figure 1 shows the system configuration of a solar energy conversion system with a PV array, a half bridge DC-DC boost converter, a controller for maximum power tracking, a battery, a full bridge VSI and consumer loads. This system is designed for a 4,200 W maximum power rating.
System configuration

Figure 1
The proposed system configuration A half bridge converter converts the output voltage being fed by boost converter to 380 V for the battery charging. The battery is significant component of the proposed solar energy conversion system as it stores the energy and supplies it to the VSI. The VSI supplies this power to consumer loads and LC filter is connected for achieving a sinusoidal output voltage of 230 V (rms), 50 Hz.
Design of system components
The proposed system is designed including a boost converter and isolated half bridge boost converter. A brief description of selection and design each component is given as follows.
Design of DC-DC converter
The isolated half bridge converter is used in the proposed system as second stage power converter. It offers advantage in terms of reduced off state voltage requirement of the primary side switches and maintains the bidirectional flux swing in the core.
In this topology both the devices of primary side are switched on and then one of the either devices is turned off alternatively in one switching cycle. The change in the input inductor current when both the switches are on and only one switch is on is expressed as,
where V ob is the output voltage of boost converter, T s2 is the switching time of one cycle, n 1 and n 2 are the number of turns in primary/secondary windings, V oh is the output voltage of half bridge converter (Ma et al., 2017; Philip et al., 2016) . The net change in the input inductor current must be zero on the periodic waveform of half cycle. Thus from equations (1)-(2), the relation between input and output voltage of half bridge boost converter is derived as,
The turn ratio for the transformer windings is obtained as 1:3 considering the input voltage as 230 V and output voltage as 380 V. The value of input inductor is designed as 2.3 mH, using equation (2). The value of output capacitor C o is obtained considering the permissible ripple voltage in the capacitor when both the switches are in on state. In this case the ripple voltage in the capacitor is expressed as,
The value of output capacitor is obtained as 20 µF considering the permissible ripple voltage as 2 V.
The value of input capacitors are is calculated considering the permissible ripple voltage of 5 V as,
The value of input capacitors is obtained as 5 µF.
Selection and design of VSI
For feeding the average ac consumer load of 1.2 kW, at considered power factor of 0.8 lagging using the single phase VSI at 220 V, the device rating is selected as per allowed ripples in the output voltage and current. The ripple current and voltage allowed is 5% of output current and 5% of output voltage. Therefore, taking consideration of nonlinear loads, the device rating selected as 600 V, 16 A.
To maintain the sinusoidal output voltage, an LC filter is connected with the VSI, through which consumer loads are connected. The PWM frequency of the VSI is selected as 10 kHz and the fundamental frequency of the consumer loads is 50 Hz.
The LC filter is designed considering its resonance frequency, which should be ample lower than the minimum value of harmonic content present in the output voltage to eliminate it and well higher than the fundamental frequency, so not to modify the actual signal (Das and Agarwal, 2016; Uno and Kukita, 2017) . At the resonance frequency of 1 kHz, LC filter is calculated as, L f is 2.5 mH and C f is 12.3 µF.
Selection of BESS
The battery is used to store the energy and to feed it to the consumer loads through half bridge converter and VSI. The battery is designed to store the rated maximum power generated by the solar-PV system for 6 hours in case of no load condition. Thus the battery set up is storing the 25.2 kWh at 230 VDC, considering these parameters the required capacity of battery is calculated as 110 AH, so ten in number of batteries of 24 V, 120 Ah are used in this system as storage.
MATLAB-based modelling
The proposed system is designed for rated power of 4.2 kW solar system. Thus 15 numbers of 280 W mono-crystalline solar panel are used in series parallel combination to reach the rated capacity. A single solar-PV cell is modelled using its characteristics diode equivalent equation and system characteristics are obtained through the model for change in solar radiations are shown in Figure 2 .
A single panel of 280 W consists of 72 cells as 6×12 combinations. Thus total number of cells for modelling rated capacity is calculated as 1080. The equivalent circuit of the solar cell can be presented as a current source in parallel with diode and a parallel resistance with a series resistance. It is observed from the power-voltage and voltage-current curves of the solar-PV array that the output power varies with the solar insolations and at a explicit voltage and current operating point, produced power is concentrated, thus a controller is designed and connected in the system to force the system to operate on maximum power point.
Result and discussions
The proposed system with multistage power conversion is designed and modelled in MATLAB/Simulink platform. The system performance is assessed for MPPT control, battery charging under varying solar radiations and for output control under consumer load variations. The results for system performance in various conditions are presented as follows.
The system performance is evaluated under steady state input conditions as well as for average steady consumer load. The system performance analysis under varying solar radiations is carried out and Figure 4 shows the results obtained. The solar radiations are considered varying at 0.37 s and 0.44 s, the radiations are increased to 1,000 W/m 2 from respectively 600 W/m 2 and 800 W/m 2 . The variation in solar-PV array voltage and current can be observed along with the variation in solar radiations. The output of boost converter remains same at 230 V and battery is charged at this voltage. The output parameters of half bridge converter and VSI remains same due to constant consumer load. The performance of MPPT controller is verified as it forces the solar-PV array to operate at maximum operating point during the change in solar radiations. Figure 6 demonstrates the system performance under consumer load variations. The solar radiations in this case are considered constant at 800 W/m 2 . Thus in this case no change in the voltage and current of photovoltaic array is observed. Due to change in the consumer loads, there is a change in output current is observed, while the output voltage remains constant.
Consumer load variation is considered to verify the performance of output voltage controller to maintain the power quality. The proposed system is considered for isolated operation, thus in case of changes in load the power quality should be maintained. In simulations the load variation is performed using a load timer switch.
The consumer load is considered increased at 0.4 s and again increased at 0.6 s, during this variation the output voltage is observed as constant. This variation verifies the operation of output controller at load end to maintain the power quality. The power quality analysis is conducted with Total Harmonic Distortion and shown in Figure 7 for output voltage and output current. The THD value for output current is obtained as 1.03% and for output current THD is 1.13%. 
Conclusions
The new topology of solar-PV system for rated capacity of 4.2 kW has been proposed using a boost DC-DC converter and a half bridge DC-DC converter. A sensor-less MPPT controller based on PI-INC method has been designed and modelled. A voltage and current controller is designed to achieve power quality at the consumer side in case of load variations and nonlinear loads. The system performance is analysed in various conditions and found satisfactorily. The proposed system is found as feasible solution for minimising the losses in stand-alone configurations.
